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TEACHING THINKING SKILLS: CAN WE? DO WE? 
Edward L. Pizzini 
Assoc. Prof of Science E ducat-ion 
Science Educat-ion Center 
The University of Iowa 
Iowa City, Iowa 52242 
In virtually every journal related to education, one can find an article pertaining 
to "thinking skills." To say the least, the term is on the forefront in education. 
Likewise, its continued emergence in science education is not coincidental. After 
all, science is closely associated with logic and reasoning and should be a focal 
point for enhancing the development of the basic skills of thinking. The basic 
questions raised in this manuscript are "Can we and do we teach thinking skills in 
the science classroom?" 
Yes, I believe we can and do teach thinking skills. However, I feel that we could 
do much more in the development of "high order" thinking skills than is currently 
being done in the middle and secondary school science classroom. 
We, as science educators, must continually strive to create the most favorable 
conditions for the natural inclination "to think" to emerge and blossom. The 
nurturing of an academic environment that enhances thinking should be the 
primary goal of science teaching. The environment within the science classroom 
goes far, far beyond physical conditions. An atmosphere of trust, respect and 
worth is essential in teaching for thinking. Students must be a part of the 
environment - not apart from the environment. The emphasis on critical 
thinking must be obvious to the students by our valuing it, making time for it, 
supporting it and evaluating its growth. 
Paradoxes, Dilemmas and Discrepancies 
For this to happen, teachers must pose problems or questions that result in 
instructional strategies emphasizing paradoxes, dilemmas, and discrepancies 
that students can attempt to resolve. The problems should be real and of concern 
and interest to the students. Ideally, this means enabling students to generate 
researchable questions. Examples of such questions generated through student 
brainstorming sessions could be initiated by extending concepts and questions 
from within the textbook as well as utilizing newspapers, books, magazines and 
other resources. The goal would be to solve questions with answers unknown to 
both the students and teacher. 
Furthermore, teachers should model the behaviors that are desired in their 
students. This means that techniques like ''Wait Time" (Rowe, 1974) and 
"Questioning Strategies" (Wiegand, 1971) should be utilized, as well as teachers 
themselves doing research in their classrooms. 
In addition, specific instruction on the teaching of thinking should be an integral 
component of the curriculum. Specifically, students must be taught approaches 
designed to facilitate the development of thinking skills. For example, the steps 
in problem solving should be taught directly incorporating ample opportunities 
for students to practice and refine their skills. If flueI).cy (ability to produce a 
variety of responses) or flexibility (ability to take alternative views) is desired, 
then the inclusion of specific activities to facilitate the development of these and 
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other thinking skills is necessary. Increasing the percentage of time one spends 
providing conditions for exercising thinking skills is essential. Nevertheless, 
providing students with the opportunities to develop thinking skills does not 
insure transfer, that is, the use of these skills in real-life situations. No doubt, this 
is the most difficult aspect. Therefore, it seems appropriate to teach about 
thinking so students can become familiar with how the brain works. Being 
conscious of one's own thinking (metacognition) and how knowledge is produced 
may enable one to internalize the skills and thus facilitate transfer. 
Ennis (1985) defines critical thinking as "reflective and reasonable thinking 
that is focused on deciding what to believe or do." This means that the condition 
has been set, that is, a question posed. The learning environment has the learner 
obtaining information which will be clarified by breaking it down into components 
and analyzing each. Comparing and judging the credibility of the support, sources 
and observations enable one to make inferences and value judgements as to the 
adequacy of the decision. Selecting and measuring the criteria to substantiate the 
decision are critical. Reviewing, revising and ultimately making the final decision 
result. 
Table 1 shows the relationship among reasoning skills proposed by psycholo-
gists and philosophers. Ennis' perceptions of critical thinking are reflected in the 
Table 1 
RELATIONSHIP AMONG REASONING SKILLS PROPOSED BY PSYCHOLOGISTS 
AND PHILOSOPHERS* 
Problem-Solving 
Strategies 
(Psychology) 
1. Identify the problem 
( essential elements and 
terms) 
2. Identify appropriate 
information, content, and 
procedural schemata 
3. Connect and use 
information to solve the 
problem 
4. Evaluate success of the 
solution 
4 
Critical Thinking 
Skills 
(Philosophy) 
1. Clarification 
• Identify or formulate a 
question 
• Analyze major 
components 
• Define important terms 
2. Judge credibility of 
support, the source, and 
observations 
3. Inference 
• Deduction 
• Induction 
• \alue judgments 
• Fallacies 
4. Use criteria to judge 
adequacy of solution 
Probable Dominant 
Cognitive Processes 
(Psychology) 
1. Analogical 
• Analysis 
• Comparison 
2. Analogical 
• Analysis 
• Comparison 
Evaluate components 
3. Inferential -
infer/Interpret 
relationships among 
components 
4. Evaluative - evaluate 
effectiveness of specific 
and general strategies 
*taken from Quelhnalz, October 1985 
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center column; whereas, the problem solving approach is on the left. Generally, 
high order thinking skills conjure up Cognitive Processes (Analyze, Compare, 
Infer and Evaluate) and the Metacognitive Processes (Plan, Monitor, Review 
and Revise). The right hand column emphasizes these processes. The extent to 
which these processes are found in the science classroom could be an indicator of 
the level of thinking taking place. After all, is this not the essence of science? 
Science according to the definition elaborated by Gaylord Simpson (Simpson, 
et al, 1957; Simpson, 1963) is an exploration of the material universe in order to 
seek orderly explanations (generalizable knowledge) among objects and events 
encountered, but these explanations must be testable. To teach science compat-
ible with this definition, one would focus on three key words: Explore, Explain, 
Test. Science is an intellectual function and can be examined from that point of 
view. Figure 1 shows the three basic "thought clusters" of intellectual functioning 
(Smith & Tyler, 1942). In determining whether or not one can teach thinking 
skills, it is important to perceive the relationship among these clusters and have a 
thorough understanding of the definition of thinking skills. 
LEVELS OF THINKING BASED UPON THOUGHT CLUSTERS* 
INPUT PROCESSING OUTPUT 
INTAKE OF DATA n-. {I APPLYING AND THROU;H SENSES EVALUATING MAKING SENSE OUT OF DATA RECALLING - SHORT T METACOGNITION I AND LONG TERM MEMORY • 
Figure 1 *taken from Smith and Tyler, 1942 
Data Input (gathering and recalling facts) involves such cognitive processes as 
counting, defining, describing, listing, matching, observing and naming. Data 
Processing (showing relationships or cause and effect) includes classifying, 
comparing, analyzing, infering, organizing and synthesizing. Application Output 
(causes one to predict, theorize or apply a principle) involves acceptance, 
elaboration, clarification, reflection and evaluation. 
In the traditional (textbook-oriented) sense of teaching science, that is, where 
the sole emphasis is on terminology (Yager, 1983), the cognitive processes focus 
at the Data Input level of thinking. Students primarily listen, define, describe or 
name things. The essence of understanding lies in the premise that "Naming is 
Knowing." Mnemonics becomes the key to success. Examinations of typical 
science tests regardless of grade level, generally confirm this condition. 
The author suggests that a greater emphasis be placed on the Data Processing 
and Application Output levels of thinking. These levels of thinking require that 
students be involved in cognitive processes that are essential to thinking and 
understanding beyond the "naming is knowing" level. When students grapple 
with open-ended questions or discrepant events, they are forced to reorganize 
knowledge so that it makes sense. 
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Many people have pointed out that levels of thinking are cumulative and build 
one upon the other. The cognitive processes associated with each level vary and 
are hierarchical. Furthermore, awareness of the levels of cognitive development 
of the learner are essential to best match the curricula to the learner. The need 
for concrete experiences becomes reality; furthermore, the inclusion of the 
cognitive processes of Data Processing and Application Output are necessary to 
facilitate teaching the higher order thinking skills. 
The thought clusters can be viewed as Mastery vs. Understanding or 
Reasoning. The "typical" science classroom operates at the Data Input Level 
(Mastery) as 95 percent of the teachers lecture 90 percent of the time. On 
occasion, a journey into Data Processing is made, but when it is, the search is 
still, all too often, for the "right" answer. This is inherent in the selection of 
activities, primarily canned experiments (known answers making it possible to 
dry-lab experiments). If we are to enhance the development of thinking skills, we 
must put greater emphasis on the clusters involving processing and application of 
"real" problems. The utilization of problem solving, inquiry and other process-
oriented methodologies is needed. In science classes the net result would be an 
emphasis on science as previously defined (explore, explain and test) instead of a 
preoccupation with the tools of science (vocabulary). Is there a basis for 
suggesting a change of this magnitude? 
Research at the Data Input (Mastery) level is quite abundant. Weekly quizzes, 
chapter tests, exams and other such evaluative devices are examples of our 
assessment of the students' ability to recall information. The monitoring of 
students' progress has become paramount in education. Apparently, we can and 
do teach thinking at this level. And in my opinion, very well. 
The assessment of thinking at the Data Processing (Understanding) and the 
Application Output Levels has been more limited. In science education the 
instrumentation exists, but its implementation is rare. The Methods and Proce-
dures of Science Test includes a subtest on ability to draw conclusions and design 
experiments. The Welch Sci£nce Process Inventory (Welch and Pella, 1967) along 
with some of the Advanced Tests also include subtests to assess thinking beyond 
remembering, such as the American Chemical Soci,ety Cooperative Examination. 
These tests have been used successfully to monitor secondary students' 
progress in these areas. Other similar instruments are also available. 
Direct Instruction in Thinking Skills 
Many authors and developers of major cognitive curricula projects stress the 
need for direct instruction in thinking skills. Beyer (1984), Sadler and Whimbey 
(1985), de Bono (1980), Parnes (1967), Perkins (1983), Whimbey and Lochhead 
(1984) and others support this position. Research studies are numerous citing 
positive outcomes in teaching thinking skills utilizing specific programs as 
treatments. Hunter (1982), Carmichael (1980), and Bloom and Broder (1950) 
found that students participating in thinking skills-oriented curricula enhanced 
their reading scores or math/science grades. Sadler (1980) concluded that 
participants in Thinking Aloud Pair Problem Solving gained an average of three 
grade levels on the College Board test compared to only one for students in the 
conventional format of instruction. Woods (1984), Short (1977) and Lochhead 
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concluded similarly with Bloom and Broder (1950) that metacognition resulted in 
a different approach to processing information for chemical engineering, ad-
vanced physics and engineering students that facilitated their learning. Pizzini, 
lreagust, and Cody (1982) found that the ability to draw conclusions and design 
experiments were increased significantly using formative evaluation in planned 
instructional activities for secondary students, as measured by The Methods and 
Procedures of Science Test (Woodburn). They also found differences as measured 
by The Wt?lch Science Process Inventory. Their findings were consistent with 
other researchers. Shymansky, Kyle and Allport (1982) utilizing a meta-analysis 
approach found that the curricula of the sixties outperformed on every criteria 
including critical thinking, problem solving and other techniques when compared 
to traditional textbook science. 
Most of the research examined by the author was correlational; that is, a 
relationship was shown. Several studies cited show positive relationships; 
howevei; cause and effect was pot demonst.,-ated. Despite this limitation, the 
data are convincing and enable one to take the position that it is possible to teach 
thinking skills. 
The Basics of Tomorrow 
If one takes this stand, the challenge is obvious. We must help students 
become effective thinkers, good problem solvers and able decision-makers. The 
accumulation of facts is a means to process and apply information not an end in 
itself. With the growth of knowledge doubling every twenty months (Naisbitt, 
1984), the body of knowledge may become outdated; but the skills will always be 
viable. Thinking skills enable us to understand and reason. They are the basics of 
tomorrow which must be taught today. 
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